To comprehensively assess the in vivo expression of Candida albicans hydrolytic enzyme genes during oropharyngeal candidiasis (OPC), a controlled sequential analysis of the temporal expression of individual members of the SAP (secretory aspartyl proteinase) gene family and PLB1 (phospholipase B) in a murine model of OPC was conducted. Acute infections in intact C3H and DBA/2 mice were terminated by clearance of C. albicans within 7 days after oral inoculation, but transgenic (Tg) mice expressing human immunodeficiency virus type 1 were persistently colonized until a final outgrowth before death. In contrast to the sustained expression of other SAP genes and PLB1, SAP7 and SAP8 were conspicuously distinguished by their transient expression in both intact and Tg mice. SAP5 and SAP9 were most strongly expressed throughout the course of infection in the Tg mice. These findings indicate that expression of individual members of the C. albicans SAP gene family is differentially regulated during experimental OPC.
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Candida species are the most frequent cause of mucosal and invasive fungal infections. Oropharyngeal candidiasis (OPC), a common mucosal infection, occurs in the majority of human immunodeficiency virus (HIV)-infected patients [1] , although decreases have been observed recently with highly active antiretroviral therapy [2] . Candida species are also responsible for 10% of all nosocomial bloodstream infections [3] . The leading cause of candidiasis, Candida albicans, is an imperfect diploid dimorphic fungus that resides as a commensal of the mucosae and the gastrointestinal tract. Intraoral C. albicans is found in 40% of healthy humans [4] . However, colonization often leads to opportunistic mucosal or life-threatening deep organ infection in immunocompromised hosts.
The ability of C. albicans to colonize, penetrate, and damage host tissues depends on imbalances between Candida virulence attributes and specific defects in host immune defenses; however, the exact pathways leading to this imbalance are still unclear. C.
albicans possesses a multiplicity of properties-including adhesins, dimorphism, phenotypic switching, molecular mimicry of mammalian integrins, and secretion of hydrolytic enzymeseach with a low propensity for enhancing fungal infection and none necessarily dominant, and all even in combination unable to overcome fully intact host defenses [5] . Hydrolytic enzymes are probable virulence factors in pathogenic Candida species (reviewed in [6] [7] [8] [9] [10] ). Among these, C. albicans secretory aspartyl proteinases (Saps), under the control of a multigene family (SAP1-SAP9) expressing distinct isoenzymes that are regulated differentially at the mRNA level in vitro [11] [12] [13] , are implicated in the breakdown of several host substrates [8] . Evidence has been presented that phospholipase B, expressed by at least 2 genes (PLB1 and PLB2) [14, 15] , also contributes to the pathogenesis of candidiasis by the degradation of host tissues [16, 17] .
As a highly evolved pathogen capable of colonizing and infecting a multiplicity of body sites, each representing a distinct ecologic niche, C. albicans must have the ability to selectively express the required specific sets of virulence attributes at each step of host invasion. In this regard, reverse-transcription polymerase chain reaction (RT-PCR) analysis of in vivo expression of SAP1-SAP7 genes on single samples of saliva, collected from a limited number of HIV-positive and -negative patients with OPC, revealed that SAP2 and SAP4-SAP6 were uniformly expressed and that all 7 SAP genes were simultaneously expressed in some patients [18] . A temporal progression of SAP expression in the order SAP1 and SAP3, SAP6, and SAP2 and SAP8 was observed in an in vitro model of OPC that made use of reconstituted human epithelium [19] . Finally, assessment of expression of SAP1-SAP6 genes by in vivo expression technology revealed that SAP5 and SAP6 genes were strongly activated at a single time point examined during infection of the esophageal mucosa in experimentally infected, immunocompromised mice, whereas only low-level expression of SAP1-SAP4 occurred [20] . To comprehensively assess the in vivo expression of C. albicans extracellular hydrolytic enzyme genes during the development and maintenance of OPC and to further our understanding of their role in pathogenesis, we conducted, for the first time, a controlled sequential analysis of the temporal expression of individual members of the SAP gene family and PLB1, in a model of OPC in intact and transgenic (Tg) mice that expressed HIV-1 and developed an AIDS-like disease.
Materials and Methods
Candida strains. Sap-producing [21] C. albicans LAM-1 (serotype A) was isolated originally from the blood of a patient with systemic candidiasis [22] . Sap-and phospholipase-producing [16] C. albicans CA30, a vaginal isolate [23] , was provided by G. T. Cole (Medical College of Ohio, Toledo). Cultures were maintained at 4 C on Sabouraud dextrose agar (Becton Dickinson). Culture conditions. To optimize the RT-PCR procedure and to generate positive controls, C. albicans LAM-1 was grown with rotary agitation under conditions known to induce the expression of the following SAP genes: SAP2, yeast carbon base (YCB; Difco) supplemented with 1% (wt/vol) dextrose and 0.5% (wt/vol) bovine serum albumin (BSA; fraction V; Sigma) for 24 h at 25 C [11]; SAP4-SAP6, modified Lee's medium for 48 h at 37 C, followed by resuspension in 5% (vol/vol) fetal calf serum for 1 h at 37 C [11] ; and SAP8 and SAP9, YCB-BSA medium for 8 h and 45 h, respectively, at 25 C [13] . Positive controls for expression of the remaining individual SAP genes and EFB1 were obtained by growing C. albicans LAM-1 blastoconidia in Sabouraud dextrose broth (SDB; Difco) for 15 h at 37 C with rotary agitation. For expression of PLB1, C. albicans LAM-1 and CA30 were grown in SDB at 37 C for 3.5 h with rotary agitation. For experimental infection, the C. albicans LAM-1 inoculum was prepared from late-log-phase blastoconidia grown in SDB for 18 h at 30 C with rotary agitation. Mice. C3H and DBA/2 male and female mice, 5-6 weeks old, were obtained from Charles River Canada and housed at the University of Montreal Animal Care Unit. The generation and characterization of CD4C/HIV MutA Tg mice and control non-Tg littermates has been described elsewhere [24] . Founder mouse F21388 was bred on the C3H background, and progeny mice were genotyped and routinely examined for signs of disease. Animals from this line express moderate levels of the transgene, with 50% survival at 3 months [24] . The HIV-1 nef gene is a major determinant of pathogenicity for an AIDS-like disease in the Tg mice, characterized by failure to thrive, wasting, severe atrophy and fibrosis of lymphoid organs, loss of CD4 þ T cells, interstitial pneumonitis, and tubulointerstitial nephritis [24] . These changes are not observed in control non-Tg littermates [24] . Specific pathogen-free male and female Tg mice and non-Tg littermates were housed in a protective environment, in sterilized individual cages equipped with air filter hoods. The animals were supplied with sterile water and were fed with sterile mouse chow.
Animal model of mucosal candidiasis. Oral inoculation with C. albicans LAM-1 was done as described elsewhere [25, 26] . In brief, C. albicans blastoconidia were washed twice in sterile PBS (0.01 M [pH 7.4]) and counted in a hemacytometer. Mice were anesthetized with 0.1 mL of a solution containing 1 mL of Hypnorm (0.315 mg/ mL fentanyl citrate and 10 mg/mL fluanisone; Janssen Pharmaceutica), 1 mL of Versed (5 mg/mL midazolam; Hoffmann-La Roche), and 2 mL of water, by intraperitoneal injection. They were then inoculated by topical application of 10 8 pelleted blastoconidia recovered on sterile calcium alginate swabs (Fisher Scientific).
C. albicans was quantified longitudinally in the oral cavities of individual mice from day 1 until the animals were euthanized by CO 2 inhalation. Swabs used for sampling were dissolved in 2-mL volumes of Ringer's citrate buffer [27] , and a portion of the cell suspension (1.8 mL) was used immediately for RNA isolation. Serial dilutions of the remaining cells (0.2 mL) were prepared in 0.05 M PBS (pH 7.4) and were plated on Sabouraud dextrose agar supplemented with chloramphenicol (0.05 g/L). Plates were incubated for 24 h at 37 C. RNA isolation. To lyse murine cells and bacteria, the C. albicans cell suspension (1.8 mL) was treated with 180 mL of a solution containing 5% (vol/vol) Tween 20 (Fisher Scientific), Nonidet P-40 (Biopharm), and Triton X-100 (J. T. Baker Chemical) and was incubated for 15 min at 37
C. The cells were centrifuged for 5 min at 16,000 g and washed once with PBS, and the pellets were stored at 2 80 C. For RNA isolation, the pelleted cells from individual mice were thawed, resuspended in 50 mL of PBS, pooled to a maximum of 3:7 £ 10 4 cells in 2-mL screw-cap microtubes (Gordon Technologies), and centrifuged. Total RNA was isolated from the cell pellet by means of the RNeasy Mini Kit (Qiagen) Mechanical Disruptor protocol, with use of 0.5-mm glass beads (Sigma) and 3 successive 30-s runs in a FP120 Fast Prep Cell Disruptor (Savant Instruments) set at a speed of 6.5 m/s. Microscopic examination demonstrated complete disruption of in vitro-grown C. albicans blastoconidia and hyphae by this treatment. The RNA, contained in 50 mL of RNase-free water (Qiagen), was treated with 7.68 mL of 10£ DNase I reaction buffer (Gibco BRL), 7.68 mL of DNase I (1 U/ mL; Gibco BRL), 7.68 mL of 0.001 M dithiothreitol (Gibco BRL), 2.2 mL of RNase OUT recombinant ribonuclease inhibitor (1 U/mL; Gibco BRL), and 1.47 mL of RNase-free water and incubated for 15 min at 22 C. The DNase I was inactivated by the addition of 7.68 mL of 25 mM EDTA to the reaction mixture and by heating for 10 min at 65 C. The sample volume was adjusted to 100 mL with RNase-free water, and the RNA preparation was cleaned by use of the RNeasy Mini Protocol for RNA cleanup (Qiagen). The experimental conditions for producing an optimal yield and purity of RNA were determined by measuring the absorbance at 260 and 280 nm of RNA isolated from C. albicans LAM-1 blastoconidia grown in SDB for 15 h at 37 C. The integrity and size distribution of the isolated RNA were confirmed by agarose gel electrophoresis.
RT-PCR. To assess gene expression independently of the increase and decrease of oral burdens of C. albicans during the course of infection, RT-PCR for each gene and time after infection was done with use of an amount of RNA originating from 170 cfu of C. albicans. Primers for SAPs and PLB1 were selected from their respective gene sequences in GenBank. Amplification of the predicted products for each of the primer sets was verified by PCR with C. albicans genomic DNA used as template.
The Sensiscript reverse transcriptase kit (Qiagen) was used for cDNA synthesis, as recommended by the manufacturer, with the following specific pairs of upstream and downstream primers: 0 and 5 0 -CATCTTCTTCAACAGCAGCTTG-3 0 was used to amplify the EFB1 gene as a positive mRNA control and to detect any contaminating genomic DNA by the presence of a 365-bp intron [19] . After incubation at 37 C for 1 h, the cDNA was amplified by the standard PCR protocol with use of Taq DNA polymerase (Qiagen) and the Perkin Elmer GeneAmp PCR system 2400 (PE Applied Biosystems). After initial denaturation for 3 min at 94 C, the samples were subjected to 35 cycles (denaturation for 30 s at 94 C, annealing for 30 s at 59 C, and extension for 1 min at 72 C), with a final extension for 10 min at 72 C. To generate digoxigenin-labeled probes for the detection of the individual RT-PCR products, the DNA amplified from each gene was purified from an agarose gel by the QIAEXII gel extraction procedure (Qiagen) and was cloned with the pSTBlue-1 Perfectly Blunt kit (Novagen). The plasmid DNA was purified with the QIAPrep Miniprep kit (Qiagen); products were excised with Eco RI, purified by the QIAEXII gel extraction procedure, and labeled with digoxigenin by means of the DIG High Prime DNA labeling and detection starter kit II (Boehringer Mannheim). For the detection of gene expression, the individual digoxigenin-labeled probes were used to specifically detect each of the RT-PCR products by Southern blotting [28] . Predicted sizes of the RT-PCR products were as follows: SAP1, 544 bp; SAP2, 896 bp; SAP3, 566 bp; SAP5, 668 bp; SAP7, 841 bp; SAP8, 969 bp; SAP9, 944 bp; PLB1, 587 bp; and EFB1, 526 bp.
Positive controls for expression of each of the individual genes were included in the RT-PCR assay, by use of RNA from C. albicans LAM-1 grown in vitro under conditions known to induce their expression. A negative control for expression of each gene was obtained by omitting the RNA in the RT-PCR assay.
Results
Sensitivity and reproducibility of the RT-PCR assay. Because of the small numbers of C. albicans colony-forming units recovered from the oral cavities of the experimentally infected mice, the sensitivity of detection of gene expression by use of the RT-PCR assay was determined. Expression of SAP2 was reproducibly detected from as little as 10 1 to 10 2 blastoconidia or 1 pg of RNA isolated from C. albicans grown under inducing conditions in vitro ( figure 1A and 1B) . The RT-PCR assay also repeatedly detected the expression of the EFB1 gene, used as an internal mRNA control, from 1 pg of RNA isolated from C. albicans grown under these same conditions (figure 1B). The RT-PCR with digoxigenin-labeled probes thus provided sensitivity for expression of SAP2 equivalent to that obtained by radioactive labeling [18] and sufficient to detect expression from the 170 cfu of in vivoharvested C. albicans used in individual RT-PCRs.
To confirm the ability to detect expression of the individual genes and to determine the reproducibility of the RT-PCR procedure, gene expression was assessed in 3 independent experiments with C. albicans grown in vitro under conditions inducing the expression of each gene. Expression of SAP1-SAP3, SAP5, SAP7-SAP9, PLB1
0 -TTCTTCAAACGTTTTAATTCTCT-3 0 and 5 0 -CATA-AATGACTTCAAAATATAAAT-3 0 for SAP6 ), although the predicted products (739 and 1516 bp, respectively) were generated by PCR from genomic DNA of C. albicans. Because SAP4-SAP6 are all expressed by the hyphal form of C. albicans at neutral pH in vitro [11] , expression of SAP5 was used as a marker for this SAP gene subfamily [11] . Animal model of oral candidiasis. Oral carriage of C. albicans during primary infection was quantified in immunocompetent C3H and DBA/2 mice, as well as in Tg mice expressing HIV-1. Mice were free of C. albicans before inoculation and developed acute infections after oral inoculation (days 1-5), which, in intact mice, were terminated by clearance of C. albicans in ,7 days (figure 2). In C3H mice (figure 2A), the infection was of shorter duration and reached a single peak on day 2 after inoculation, similar to the kinetics of acute infection in CD-1 and BALB/c mice [22, 29] . In contrast, in DBA/2 mice, the infection was more sustained, with a reproducible second peak of Candida proliferation on day 5 after inoculation [29] (figure 2B). As predicted, the kinetics of acute infection in the non-Tg littermates ( figure 3A) were strikingly similar to those in the C3H mice ( figure 2A) . Interestingly, however, sustained enhancement of infection was maintained during acute infection in the Tg mice (figure 3B), compared with the control non-Tg animals ( figure 3A ). In addition, the Tg mice failed to clear C. albicans after acute infection, and persistent oral colonization was established ( figure 3C ), culminating in a final outgrowth preceding death 83-125 days after infection ( figure 3D) . A progressive increase in oral burdens of C. albicans occurred during the period of persistent oral colonization, as evidenced by mean burdens of 252 cfu (range, 30-520 cfu), 1038 cfu (range, 60-8820 cfu), and 1666 cfu (range, 80-7200 cfu) on days 14-35, 42-55, and 59-69, respectively, after infection. To assess the morphology of C. albicans in vivo, direct microscopic examination of samplings obtained by swabbing the oral cavities demonstrated abundant blastoconidia and hyphae of C. albicans, beginning 24 h after inoculation.
In vivo expression of C. albicans SAP and PLB1 genes. Unless otherwise indicated, in vivo gene expression was assessed by conducting the RT-PCR assay for each gene on duplicate samples of RNA, both originating from an identical pool of C. albicans harvested from 1 of 2 subsets of orally infected mice within the same experiment. Four RT-PCRs were thus conducted for each gene and time of sampling after infection. Each reaction was qualitatively scored as positive or negative. The results were expressed as the ratio of number of positive reactions over total reactions conducted at each time point during the course of infection. Positive controls for expression of individual SAP genes and PLB1 were uniformly detected for all RT-PCRs, and amplification of the EFB1 gene revealed an absence of contaminating genomic DNA.
In immunocompetent C3H mice (figure 2A), SAP1-SAP3, SAP5, and SAP9 were all expressed 24 h after infection with C. albicans, and their expression was sustained through day 5. SAP5 was most reproducibly expressed in this group, whereas the expression of SAP3 became more variable beginning day 2 after infection. Interestingly, expression of SAP7 was maintained from day 1 to day 3 but then became completely silent. In contrast, expression of SAP8 appeared 3 days after infection and ended on day 4. Finally, expression of PLB1 was sustained during the first 4 days after infection.
A similar temporal pattern of gene expression was found in the DBA/2 mice ( figure 2B and 2C) , with the exception of earlier expression of SAP8, which occurred transiently within the first 2 days after infection. Expression of SAP7 was mainly restricted to the first 3 days after infection, similar to that observed in the C3H mice. The other genes (SAP1-SAP3, SAP5, SAP9, and PLB1 ) were all expressed early and throughout the temporal course of acute oral candidiasis, also in accordance with the pattern of expression in the C3H animals.
In the non-Tg littermates (figure 3A), the pattern of gene expression closely matched that found in the C3H mice (figure 2A), in accordance with breeding on the C3H background [24] and similar kinetics of C. albicans burdens during acute oral candidiasis (figures 2A and 3A) . Gene expression during acute infection in the Tg mice (figure 3B and 3E) again produced a similar pattern, with transient expression of SAP7 and SAP8, but distinguished by less sustained expression of PLB1. Strikingly, however, SAP7 and SAP8 became transcriptionally silent during persistent colonization (figure 3C and 3E) but were again transiently expressed shortly before death of the Tg mice ( figure 3D and 3E ). In contrast, SAP5 and SAP9 were most strongly and reproducibly expressed throughout the course of infection in the Tg mice.
Discussion
This is the first report demonstrating the sustained differential expression of individual members of the SAP gene family and PLB1 during the development and maintenance of OPC. A novel experimental model of OPC in Tg mice expressing HIV-1 was used, which closely mimics the clinical and pathologic features of candidal infection in human AIDS [24, 30] . The model provides a powerful new tool for controlled longitudinal studies of pathogenesis in a small laboratory animal. In striking contrast to immunocompetent C3H and DBA/2 mice, the Tg animals failed to clear C. albicans from the oral cavities after primary infection, and chronic carriage culminated in a marked terminal outgrowth 3-4 months after infection. The model in Tg mice thus allowed for a comprehensive sequential assessment of the in vivo expression of C. albicans hydrolytic enzyme genes during a protracted course of oral candidiasis.
In comparison to the strong and sustained expression of other members of the SAP gene family, SAP7 and SAP8 were conspicuously distinguished by their reproducibly transient expression during primary oral candidiasis in both immunocompetent and Tg mice. Expression of both genes was silent during persistent colonization but resumed during the terminal outgrowth of C. albicans. These results were not caused by the low oral burdens recovered during persistent colonization, because the amounts of RNA in all samples used in the RT-PCR assay were adjusted to equivalent numbers of C. albicans cells. In addition, SAP1, SAP2, SAP5, and SAP9 were all strongly and reproducibly expressed throughout the course of infection in both the immunocompetent and Tg mice. The amino acid sequence of Sap7p is divergent from the other Saps [13] , and its function is unknown. In previous studies, no SAP7 mRNA was detected during growth of C. albicans in vitro [11] , and SAP7 transcripts were detected in only 60% (6/10) of oral candidiasis patients and 25% of Candida carriers assessed at single time points [18] . Although the expression of the SAP genes is known to be differentially regulated at the mRNA level in vitro [11, 12] , the precise mechanisms that govern the discontinuous expression of SAP7 in vivo remain to be determined. Assuming that SAP7 mRNA is translated and that active Sap7p is produced, the transient expression of this gene suggests that it may play a minor role in the pathogenesis of OPC. Isolation of the mature enzyme and the construction of C. albicans strains harboring a targeted disruption of SAP7 will be required to determine whether it is associated with C. al- Because of low burdens of C. albicans during persistent oral colonization (C), C. albicans harvested on days 14-35, 42-55, and 59-69 were pooled. There were 4 non-Tg mice and 6 Tg mice. E, Detection of RT-PCR products of C. albicans SAP5, SAP7, and SAP8 mRNAs during acute oral candidiasis (days 2-8), persistent oral colonization (days 14-69), and final outgrowth preceding death (days 77-98). Representative results are presented from duplicate samples of RNA, both originating from identical pool of C. albicans harvested from 1 (C) or 2 (B) subsets of orally infected mice, or from same individual mouse (D). ND, not determined. (15 April) bicans infection. Sap8p also has a divergent amino acid sequence [13] , and its role in the virulence of C. albicans has not yet been elucidated. In vitro, SAP8 is expressed preferentially during the early exponential phase of growth of C. albicans yeast cells at 25
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C. However, SAP8 mRNA is detected more transiently and at lower levels during the exponential phase at 37 C [8, 13] , which may at least partially explain its intermittent in vivo expression by C. albicans at the physiologic temperature of the oral cavity. This is the first study to detect in vivo expression of SAP8 during candidiasis. In an in vitro model of OPC that used reconstituted human epithelium [19] , SAP8 was expressed only late during the temporal progression of SAP expression. An assessment of the role of SAP8 in the pathogenesis of candidiasis will require an approach similar to that for SAP7, with the notable exception that mature Sap8p has been isolated [31] .
Strong and sustained in vivo expression of SAP9, which we also report for the first time, was unexpected on the basis of in vitro studies that revealed prominent SAP9 transcripts only in later growth phases of cultures at 25 C [13] . Unknown stimuli thus up-regulate the expression of SAP9 in vivo, and this gene consequently may be involved in the pathogenesis of candidiasis. Although the mature enzyme has not yet been isolated directly, the deduced Sap9p amino acid sequence is more related to the glycophosphatidylinositol-anchored aspartic proteinase Yap3p of Saccharomyces cerevisiae than to any other Candida Saps [13] . Because of its homology to Yap3p, it has been suggested that Sap9p may be involved in the processing of Sap2p in C. albicans [13] . Although SAP9 is expressed, the precise role of Sap9p in the onset, progression, and maintenance of OPC remains to be determined.
In vivo expression of the remaining SAP genes (SAP1-SAP3 and SAP5) was nearly uninterrupted throughout infection, with the exception of a more sporadic expression of SAP3 that became silent during persistent colonization. In vitro, SAP3 is expressed by the yeast form of C. albicans at 37 C, but more weakly than SAP2, and also by the opaque form of the switching strain WO-1 at 25 C [8, 11] . Interestingly, our findings concur with those of Naglik et al. [18] , obtained at a single time point, in which SAP3 mRNA transcripts were detected in only 6 of 10 patients with OPC and in none of 8 asymptomatic C. albicans carriers. A change from oral colonization to active infection by C. albicans thus appears to up-regulate the expression of some members of the SAP gene family, perhaps in response to differing microenvironments in the oral cavity.
SAP5 was strongly and constantly expressed during the entire course of infection in intact, non-Tg control and Tg mice. These findings further support the dominance of SAP5 mRNA transcripts during infection in vivo, as demonstrated elsewhere at single time points by use of in vivo expression technology in a murine model of esophageal candidiasis [20] and in patients with oral C. albicans colonization or OPC [18] . The presence of both blastoconidia and hyphae in the oral cavities of the mice concurred with the in vitro expression of SAP5 and SAP6 by the hyphal form of C. albicans at neutral pH [11, 12] , although SAP5 expression in vivo has surprisingly also been found when only blastoconidia are observed [20] . Because expression of SAP5 was used as a marker for the SAP4-SAP6 subfamily, it remains to be determined whether a different expression of SAP4 and SAP6 may result from subtle differences in the local pH or enzyme substrate during infection. The sustained expression of SAP5 found in the present study, combined with the attenuated virulence of a Dsap4, 5, 6 triple homozygous null mutant in a model of systemic candidiasis [32] , supports a central role for the SAP4-SAP6 gene subfamily in the pathogenesis of oral candidiasis. However, direct evidence in support of this hypothesis will require the demonstration of attenuated virulence of the Dsap4, 5, 6 null mutant in an experimental model of OPC. The requirement for specific SAPs in the pathogenesis of mucosal candidiasis may differ according to the microenvironment at individual anatomic sites, as exemplified by the loss of virulence of null sap1-sap3 but not sap4-sap6 mutants in an estrogen-dependent rat vaginitis model [33] .
SAP2 mRNA is the major transcript of the yeast form of C. albicans under inducing conditions in vitro at 37 C [11, 12] and was also predictably strongly expressed during the full course of oral candidiasis in experimentally infected mice. These results are in agreement with the findings of Naglik et al. [18] , who showed that SAP2 and the SAP4-SAP6 subfamily are the predominant proteinase genes expressed in the oral cavities of both Candida carriers and patients with OPC. Because sap2 null mutants have attenuated virulence in systemic infection [34] and experimental vaginitis [33] , it is likely that SAP2 plays an important role in the onset and maintenance of candidiasis. However, again, a direct role for SAP2 in the pathogenesis of OPC will require assessment of the virulence of sap2 null mutants at this specific mucosal site.
The strong expression of SAP1 found in this study is at variance with infrequent detection on single specimens obtained from patients with OPC [18] and its lack of expression in experimental candidiasis, as determined by recombination-based in vivo expression technology [20] . In vitro, SAP1 is expressed only by the opaque phase of C. albicans strain WO-1 at 25 C [11, 12, 35] . C. albicans strain LAM-1 used in this study displays phenotypic switching in vitro after recovery from orally infected mice (N. Deslauriers, personal communication), which may explain the expression of SAP1 in vivo. Because the virulence of sap1 null mutants is attenuated [34] , SAP1 may also under conditions of phenotypic switching contribute to the development of candidiasis.
Taken together, the sustained expression of selected members of the SAP gene family in Tg mice provides further evidence implicating Saps in the pathogenesis of OPC in the setting of HIV infection. Sap antigens have been detected on the surface of blastoconidia and hyphae adhering to human oral mucosa [36] , and C. albicans isolates from HIV-infected patients with OPC produced higher Sap levels in vitro than did strains isolated from an HIV-negative control group [37] [38] [39] . During primary infection, expression of the SAP genes was comparable in the immuno-competent C3H and DBA/2 mice, the non-Tg controls, and the Tg mice, indicating that presence of the HIV transgene did not in itself alter SAP expression at comparable times after infection. Expression of specific SAP genes was also comparable in a limited number of HIV-positive and -negative patients with OPC [18] . It has been suggested that the decreased prevalence of OPC in HIV-infected patients treated with HIV-1 protease inhibitors may result not only from immune reconstitution but also from inhibition of Sap activity [40] [41] [42] . Knowledge of the expression of specific infection-related SAP genes will be instrumental in designing more-potent and specific Sap inhibitors, which may play a role in prevention and treatment of candidiasis.
PLB1 mRNA transcripts were detected during the entire course of OPC, with the exception of primary infection in the Tg mice. This is the first report of PLB1 expression at the mRNA level in vivo and corroborates caPlb1p secretion in the stomach [17] and kidneys [14] of experimentally infected mice. In vitro, blastoconidia, pseudohyphae, and hyphae of C. albicans expressed higher levels of PLB1 mRNA than did germ tube-forming cells, suggesting that expression of caPLB1 is regulated as a function of morphogenic transition [43] . The presence of both blastoconidia and hyphae in the oral cavities of the mice was therefore consistent with detection of expression of PLB1. In addition, the optimal activity of caPlb1 at pH 6.0 [17] makes it likely that the enzyme is functional in oral candidiasis. The present findings, combined with the attenuated virulence of plb1 null mutants [14] and the involvement of PLB1 in the penetration and damage of host tissues [14, 17] , indicate that C. albicans phospholipases also contribute to fungal virulence.
The most important questions concerning the expression of C. albicans secretory hydrolytic enzymes genes are which genes are expressed in vivo, under what conditions they are expressed, and how each gene contributes to the development of clinical disease [12] . Because this is the first study to examine the longitudinal expression of SAP and PLB1 genes in vivo, it is also the first to demonstrate that some SAP genes are expressed throughout the infectious process, whereas others are expressed only transiently. Some SAP gene products may thus be involved in specific steps in disease onset, progression, and maintenance, by their ability to degrade particular host substrates. This possibility has been recently strengthened by the observation that although recombinant Sap1p, Sap2p, Sap3p, and Sap6p cleave peptide bonds between larger hydrophobic amino acids, substrate specificities differ among the 4 Sap proteins [44] . The results further demonstrate that in vivo expression is determined by factors distinct from those in vitro, because all SAP genes are at least transiently expressed by C. albicans in the oral cavity at neutral pH. Expression of some SAP genes may occur in acidic microniches, optimal for enzyme activity. Further studies will be required to identify at the molecular level the regulatory mechanisms that govern differential expression of C. albicans hydrolytic enzyme genes in vivo.
